The nucleotide binding/hinge domain plays a crucial role in determining isoform-specific Ca2+ dependence of organellar Ca(2+)-ATPases.
Several isoforms of organellar Ca(2+)-ATPases have been identified, each of which is expressed in a tissue-specific manner. In order to examine the functional properties of fast-twitch (SERCA 1a), cardiac/slow-twitch (SERCA 2a), and non-muscle (SERCA 3) isoforms of the Ca(2+)-ATPase, cDNAs of each type were expressed transiently in COS-1 cells. A study of the Ca2+ dependence of Ca2+ uptake showed that SERCA 1 and SERCA 2 have identical Ca2+ dependences (K0.5 = pCa 6.87 +/- 0.03 and pCa 6.87 +/- 0.02, respectively), but SERCA 3 has a lower Ca2+ dependence (K0.5 = pCa 6.32 +/- 0.03). A study of the ATP dependence of Ca2+ uptake showed that SERCA 1, 2, and 3 have almost identical ATP dependences. Average Hill coefficients derived from Ca2+ uptake curves ranged from 1.7 to 1.8 for the three isoforms. In order to identify which regions of the linear sequence determine this difference in Ca2+ dependence, chimeric Ca(2+)-ATPases between SERCA 2 and SERCA 3 were constructed. Chimeric Ca(2+)-ATPases containing the nucleotide binding/hinge domain of SERCA 2 had SERCA 2 type Ca2+ dependence, but both nucleotide binding/hinge and COOH-terminal transmembrane domains of SERCA 3 were required for SERCA 3 type Ca2+ dependence. Accordingly, structural interactions between the nucleotide binding/hinge and COOH-terminal transmembrane domains appear to determine isoform-specific Ca2+ dependences.